Objective: The goal of this study was to compare the semen parameters of two successive samples obtained within an interval of less than 60 minutes from patients planning to undergo intrauterine insemination (IUI) whose first samples exhibited low semen quality. Methods: Thirty-two consecutive patients were enrolled in the study. On the day of IUI, the semen analysis of the samples initially presented by all patients met at least two of the following criteria: sperm concentration < 5 × 10 6 /mL, total sperm count < 10 × 10 6 , progressive sperm motility (a+b) in the native sample < 30%, and total motile sperm count (TMSC) < 4 × 10 6 . A successive semen sample was obtained no more than 60 minutes after the first sample. Results: Compared to the first sample, the second exhibited significantly (p< 0.05) improved sperm concentration, TMSC, progressive motility, and vitality. Regarding TMSC, the most critical parameter on the day of IUI, 23 patients (71.8%) improved it, while nine (28.2%) displayed poorer outcomes. Conclusion: In defined cases, requesting a second successive ejaculate on the day of insemination may result in a high percentage of cases in an improvement of the quality of the sample.
Introduction
It is generally presumed that sperm concentration significantly decreases when the abstinence period is reduced, especially if the samples are collected at an interval of 24 hours or less [1, 2] . Operating within this paradigm, the World Health Organization (WHO) recommends an abstinence period of 2 to 7 days [3] . The most recent edition of the WHO manual states that if a new sample is needed, the same abstinence period (2 to 7 days) is recommended, with no mention of the possibility of obtaining a second sample immediately after the first [3] . It has been established that sperm concentration and motility are highly variable, which explains the fact that patients with previous acceptable ejaculate analyses may present on the day of intrauterine insemination (IUI) with a poor-quality or extremely poorquality sample. No clear guidelines exist regarding the preferable course of action in such scenarios, with possible plans including cancellation of the procedure, performing the insemination with any samples of motile sperm that are obtained from the sample, or asking for a second sample after no more than 60 minutes of abstinence.
Interestingly, some studies have reported improved semen parameters in second successive ejaculate samples in infertile patients. Juarez-Bengoa et al. [4] and Bar-Hava et al. [5] observed increased sperm concentrations in successive ejaculation samples from oligozoospermic patients. However, other researchers have not observed statistically significant differences in sperm concentrations in the same settings [6, 7] . Regarding other parameters, significant improve-ments in progressive sperm motility (A+B) and total motile sperm count (TMSC) have been reported in second successive semen samples [4, 8, 9] . The totality of this evidence may be highly relevant in clinical settings, since, in many cases, patients with a low sperm concentration and/or low motility may be excluded from basic reproductive medicine treatments, such as IUI, due to a low TMSC. No consensus exists regarding whether to request a second successive sample in cases of low semen quality. The objective of this study was therefore to compare the semen parameters of two successive ejaculations with an interval of less than 60 minutes, in patients who attended our reproductive unit for an IUI procedure and exhibited low semen quality in their first sample.
Methods
Thirty-two consecutive patients (mean age, 38 years; range, 27-47 years) who were treated in our facility from June 2012 to May 2015 were enrolled in the study. All patients underwent a basic andrological evaluation, which included two semen analyses according to the WHO manual (Table 1 ) [3] . On the day of the IUI, the median abstinence time was 3 days (range, 1-5 days). At least two of the following criteria were observed in all patients included in this study in the analysis of their first semen sample: (1) sperm concentration <5×10 6 /mL, (2) total sperm count < 10 × 10 6 , (3) progressive sperm motility (a+b) in native sample < 30%, and (4) TMSC < 4 × 10 6 . These inclusion criteria were based on the data published by Dickey et al. [10] , who concluded that these values represent the threshold fertility levels for initial sperm specimens intended for use in IUI, because samples under these levels exhibited significantly lower pregnancy rates [10] . We defined successive semen samples as those obtained no more than 60 minutes after the first sample. All samples were analyzed according to the WHO standards [3] . In order to obtain the TMSC, a concentration gradient was performed. Strict morphology was not evaluated on the day of insemination in either of the two samples, as it was (Table 1) . This study was approved by the Institutional Review Board of the faculty of medicine, Pontiificia Universidad Catolica de Chile.
Statistical analysis was performed using the GraphPad Prism statistical software (San Diego, CA, USA), and p-values < 0.05 were considered to indicate statistical significance.
Results
Clinical features and semen analyses of the 32 patients enrolled in the study are in Table 1 .
The second semen samples exhibited significant improvements in comparison to the first samples (p < 0.05, paired samples t-test) in terms of sperm concentration, TMSC and progressive motility ( Figure  1 ). More specifically, 24 patients (75%) exhibited an improved sperm concentration, while eight patients (25%) showed a diminished sperm concentration; 23 patients (71.8%) exhibited an improved TMSC, while nine (28.2%) showed a poorer TMSC; and 28 patients (87.5%) showed improved progressive motility while four patients (12.5%) had poorer values for this parameter. The semen volume was significantly lower (p= 0.001) in the second sample (1.8±0.9 mL vs. 1.2±0.8 mL); this factor may explain the observation that although the total number of sperm (TNS) tended to increase in the successive ejaculate sample, this trend did not reach statistical significance (p> 0.05, paired samples t-test) (Figure 1 ). Three pregnancies (pregnancy rate, 9.37%) were achieved after the 32 IUI procedures.
Discussion
Historically, an abstinence period has been suggested both for semen analysis and for collecting samples for reproductive medicine procedures. The most recent version of the WHO manual recommends 2 to 7 days [3] . It has been suggested that a shorter abstinence period would negatively impact the sperm concentration and/or total sperm count [1, 2] ; however, the evidence supporting this assumption is not completely clear [11] , especially regarding successive samples obtained no more than minutes or hours after the first sample. Previous reports have suggested that the sperm concentration in a second successive sample, obtained between 2 to 4 hours after the first sample, is at least as high as the initial concentration [5, 7] . Other studies have demonstrated that second successive samples exhibited significantly improved progressive motility and reduced sperm DNA fragmentation [4, 6, 9] . The totality of this evidence becomes extremely relevant when treating a couple with a male partner who has a low sperm count and/or decreased progressive motility, since these facts affect the type of treatment they are counseled to undergo [12, 13] . Our results demonstrated that in patients who presented with a sperm concentration < 5 million/mL in the native sample, a total sperm count < 10 million, progressive motility < 30%, and/or a TMSC < 4 million, a second successive sample has a 71.8% chance of improving the above factors. Regarding the diagnosis and prognosis, this study did not evaluate whether the improvement observed in the second successive sample was repeatable over time, and therefore we cannot recommend this intervention as a standard option for patients with poor ejaculate quality who undergo IUI. Also, as pointed out by other researchers, it is not clear whether such results occur only in patients with low-quality semen samples or reflect a more general phenomenon [4, 8] . However, we believe that our study demonstrates that, in specific cases, a second successive sample may help, especially considering that it is a noninvasive procedure and that the extra cost is low.
During the emission phase of ejaculation, the different portions of the epididymis, especially the tail, contract in order to expel mature sperm to the deferent duct [14] . Traditionally, it is thought that after an ejaculation, the epididymal tail is depleted of motile sperm, and that a certain time (2 days) must pass for this portion of the epididymis to be refilled with motile sperm [15] . Clinically, this agrees with evidence showing that patients who ejaculate on a daily basis exhibit decreased sperm concentration [1, 2] . However, our study and others suggest that a successive semen sample obtained 1 to 4 hours after the first does not necessarily exhibit reduced sperm concentration or TMSC, and may even have better parameters [4, 7, 9] .
Regarding sperm concentration, we think that at least two possible explanations may exist for our results. First, a mean of 200 million sperm are stored in the human epididymis, half of them in the head and body of the gland, and the rest in the tail [15] . In some cases, the first ejaculation may not completely empty the more proximal part of the epididymis (the tail). This has been observed in other species, such as rabbits, in which more than one ejaculation may be necessary to clear out the tail of the epididymis and the vas deferens [16, 17] . The second possible explanation is that, as in other species, when a demand emerges for more frequent ejaculations, the transit speed through the epididymis is accelerated, resulting in increasing sperm concentrations in successive samples [18] .
As in previous reports [6, 8] , the patients in our case series had significantly better progressive sperm motility in the second successive sample. This phenomenon may be secondary to the fact that the first set of sperm had been present for a longer period of time in the epididymal tail, affecting its overall motility. The second sperm set (in the successive ejaculate) passed through the epididymal tail more quickly, giving it an increased motility potential. This may be explained by the fact that the maximum sperm motility is acquired in the more proximal part (near the tail) of the epididymal body; in fact, in humans, sperm motility is 27% lower in the tail than in the more proximal part of the epididymal body [19] . After emptying the tail in the first ejaculation, sperm cells coming from the body of the epididymis are ejaculated in successive samples, which explains their improved motility [20] .
The main limitations of our study are the small number of patients, the lack of information regarding variation in the strict morphology of the two successive samples, and the absence of a control group to compare pregnancy rates.
In conclusion, obtaining a second successive semen sample in certain cases is a rational course of action that may lead to improvements in the quality of the sample in the majority of patients. It is especially useful in men who present on the day of IUI with a low-quality sample, allowing the procedure to be performed with a higher number of motile sperm. More studies are needed to confirm these results.
